The regulation of iron metabolism in biological systems centers on providing adequate iron for cellular function while limiting iron toxicity. Because mammals cannot excrete iron, mechanisms have evolved to control iron acquisition, storage, and distribution at both systemic and cellular levels. Hepcidin, the master regulator of iron homeostasis, controls iron flows into plasma through inhibition of the only known mammalian cellular iron exporter ferroportin. Hepcidin is feedback-regulated by iron status and strongly modulated by inflammation and erythropoietic demand. This review highlights recent advances that have changed our understanding of iron metabolism and its regulation.
Iron is an essential trace mineral for many biological processes, including oxygen transport and storage, oxidative phosphorylation, and the catalysis of many metabolic redox reactions. Its catalytic role depends on the ability of ferrous (Fe 2ϩ ) and ferric (Fe 3ϩ ) iron to respectively donate and accept electrons under conditions prevailing in biological systems. However, iron also promotes the formation of reactive oxygen species that can damage DNA, proteins, and lipids within cells (1, 2) . Multiple mechanisms have evolved to chaperone iron and to regulate its concentrations through the coordinated modulation of transport, storage, and iron utilization so that adequate iron is available for physiological functions with tolerable toxicity. The other evolutionary challenge is that iron in the environment is oxidized, poorly soluble, and therefore costly to assimilate, favoring the appearance of biological mechanisms that conserve and recycle iron within the organism.
This minireview is focused on iron homeostasis in humans and other mammals where the iron economy is dominated by the production and turnover of red blood cells (erythrocytes).
The iron economy

Iron compartments and flows
Dietary iron is the sole source of iron in the body, except when erythrocyte transfusions (200 -250 mg of iron/unit) or parenteral iron are given to treat anemia or iron deficiency. Because humans and other mammals lack a mechanism for controlled iron excretion, regulation of body iron content (3-4 g in adults) hinges on the control of dietary iron absorption. The two major forms of dietary are heme iron, bound within a protoporphyrin ring and abundant in animal hemoproteins such as hemoglobin or myoglobin, and non-heme iron, bound to other molecules. In humans, heme iron is absorbed more efficiently than non-heme iron. The distribution of iron to tissues relies almost entirely on the abundant plasma protein transferrin that can very tightly bind iron (K ϭ ϳ10 20 
M
Ϫ1
), but it is normally only 20 -40% saturated with iron. Compared with total body iron, this is a very small compartment (ϳ3 mg) that turns over about eight times a day. Although all tissues require iron, most of it is in erythrocytes, as a component of heme in hemoglobin. Erythropoiesis, the process that generates erythrocytes, is the primary consumer of iron in the body, requiring in humans ϳ24 mg of iron per day to generate new erythrocytes to replace those lost to senescence. In humans, nearly all (ϳ95%) of the plasma iron in steady-state conditions is loaded onto transferrin by macrophages that recycle iron from aged erythrocytes. Similar recycling activity on a smaller scale must operate in all tissues. Small normal losses of iron (1-2 mg per day), from sloughing of intestinal and skin cells or menstrual blood loss, are compensated for by the absorption of dietary iron, and they account for about 5% of plasma iron turnover.
Animal models
Iron metabolism in laboratory mice, the main model used to study iron metabolism, is generally similar to that of humans. However, mice consume much more food compared with their body mass, have greater iron losses relative to iron stores, and derive from the diet as much as 50% of their daily iron turnover, as estimated from ferrokinetics and the 40-day life span of murine erythrocytes. They generally do not consume meat and absorb dietary heme iron poorly (3).
Iron transport across cell membranes
Few mammalian transmembrane proteins are known to transport iron under physiological conditions. Divalent metalion transporter 1 (DMT1), ZRT/IRT-like protein 8 (ZIP8), and ZIP14 act as cellular importers of Fe 2ϩ and have been functionally characterized (4 -6). DMT1 transports iron optimally at an acidic pH but ZIP8 and ZIP14 at a neutral physiological pH. The lone mammalian cellular exporter of iron is ferroportin, which functions optimally at pH 7.4 -8.0, near the pH of extracellular fluid. Ferroportin likely transports Fe 2ϩ (7) .
Absorption of dietary non-heme iron
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iron is taken up in the proximal duodenum (8) by DMT1 (9, 10) , which couples the transport of Fe 2ϩ to a proton gradient. Despite the low luminal pH, the local mucosal generation of a proton gradient at the enterocyte brush-border membrane is critical for iron uptake by DMT1. The proton gradient is mainly generated by Na ϩ /H ϩ exchanger-3 (NHE3), as mice lacking NHE3 have impaired iron absorption (11) . Deletion of intestinal DMT1 results in very low iron absorption, severe anemia, and greatly reduced life span (12) . Anemia is also seen in rare patients with loss-of-function mutations in DMT1 (13) , but the interpretation of the phenotype is complicated by the parallel role of DMT1 in vacuolar export of iron within erythrocyte precursors. Intestinal DMT1 mRNA and protein are increased by iron deficiency and hypoxia (8, 14) . DMT1 transports Fe 2ϩ , but luminal iron is largely Fe 3ϩ requiring reduction prior to uptake by the enterocyte (4), in part by the apical membrane reductase duodenal cytochrome b (DCYTB). Like DMT1, DCYTB expression is increased during iron deficiency. However, the deletion of DCYTB has minor effects on iron absorption (15) , suggesting that other unidentified brush-border reductases or reducing agents can compensate, including ascorbate.
Heme iron absorption
The characteristics of heme uptake suggest receptor-mediated endocytosis rather than passive diffusion. The folate transporter proton-coupled folate transporter (PCFT) 2 (16) has been suggested as a candidate heme transporter (17) , but its low affinity for heme and the poor absorption of heme in mice (3), despite abundant PCFT in the duodenum (18) , have cast doubt on the role of PCFT in heme absorption.
Hepcidin-ferroportin axis controls major iron flows
Export of iron from enterocytes and its regulation by hepcidin
Although intestinal iron absorption is also regulated at the apical membrane of enterocytes, through increased DMT1 and DCYTB expression during iron deficiency (8) , intestinal iron absorption is primarily regulated at the enterocyte basolateral membrane through control of iron release into extracellular fluid and plasma. Iron taken up at the apical membrane of enterocytes is either sequestered within the iron-storage protein ferritin or exported into the portal circulation through ferroportin. During their life span of a few days, enterocytes migrate from the crypts at the base of villi to their tips where they shed into the intestinal lumen, taking any residual ferritinbound iron with them. In a remarkably streamlined regulatory mechanism, ferroportin also serves as the receptor for the ironregulatory peptide hormone hepcidin, the master regulator of systemic iron homeostasis (19) . Hepcidin binds to ferroportin causing its endocytosis, lysosomal degradation, and consequently reduced cellular iron export. Hepcidin is primarily produced by hepatocytes (20) , and the expression of hepcidin is feedback-regulated by iron stores (Fig. 1) , as well as importantly modulated by erythropoiesis and inflammation.
Transport function of ferroportin
Ferroportin is essential for intestinal iron absorption, as the deletion of intestinal ferroportin results in severe anemia and iron accumulation within enterocytes (21) . Ferroportin likely exports Fe 2ϩ , as judged by its ability also to transport cobalt and zinc (7), metals in which the 2ϩ oxidation state is more stable under laboratory conditions than for iron. The plasma iron carrier transferrin binds Fe 3ϩ , requiring the oxidation of iron exported from enterocytes. The multicopper ferroxidase hephaestin, on the enterocyte basolateral membrane, catalyzes the oxidation of iron released from enterocytes, and decreased hephaestin activity causes anemia and impaired dietary iron absorption (22) . A related multicopper ferroxidase, ceruloplasmin, has both soluble and GPI-linked isoforms that convert Fe 2ϩ to Fe 3ϩ for loading onto transferrin in other tissues (e.g. iron-recycling macrophages, hepatocytes, retinal epithelial cells, and astrocytes). The deletion of hephaestin results in intestinal iron accumulation (22) . Ferroxidases may promote iron export by maintaining low exofacial concentrations of Fe 2ϩ and generating a gradient of Fe 2ϩ concentration across the membrane.
Erythrophagocytosis by macrophages
Most body iron is in the hemoglobin of circulating erythrocytes (ϳ2-2.5 g). After ϳ120 days in humans, erythrocytes display sufficient markers of senescence to be removed from the blood by macrophages through erythrophagocytosis. Most of the iron required for the production of new erythrocytes is recaptured by macrophages from phagocytosed aged or damaged erythrocytes. The major populations of macrophages responsible for steady-state erythrophagocytosis are Kupffer cells (resident tissue macrophages in the liver sinusoids) and red pulp splenic macrophages, but monocyte-derived macro- Iron homeostasis depends on the balance between iron losses and absorption, and the match between iron release from stores in recycling macrophages and hepatocytes versus its utilization for biological processes, primarily erythropoiesis. Small normal losses of iron are compensated for by the absorption of dietary iron in the duodenum. The hepcidin-ferroportin interaction regulates all the major flows of iron into plasma: the release of iron from duodenal enterocytes, recycling macrophages, and hepatocyte stores.
phages can be temporarily recruited to the liver during increased erythrocyte clearance from circulation (23) .
Recycling of erythrocytes into iron
The enzymatic breakdown of erythrocytes within the macrophage phagolysosome is followed by the degradation of hemoglobin to release the heme and finally iron, generating bilirubin and carbon monoxide as by-products. These processes may occur in different cellular compartments, with hemoglobin proteolysis in the phagolysosome and heme degradation in the cytosol (24) , necessitating the export of heme from the phagolysosome prior to heme catabolism. The protein heme-responsive gene-1 (HRG-1) is expressed in macrophages and exports heme from the phagolysosome into the cytosol (25) . To date, mammalian models lacking HRG-1 have not been reported, but suppression of HRG-1 in developing zebrafish results in developmental and erythropoietic defects (26) . Heme degradation is catalyzed by the enzyme heme oxygenase 1 (HO-1), and the loss of HO-1 function causes macrophage death attributed to heme accumulation during erythrophagocytosis (27) . An alternative mechanism for iron export from the phagolysosome may utilize DMT1 and its paralog Nramp1 transporting ferrous iron from the phagolysosome to the cytoplasm (28) .
Export of iron from macrophages and its regulation by hepcidin
After release from heme, cytosolic iron within macrophages is either sequestered within ferritin or exported to plasma by ferroportin, depending on the balance between the hepcidininduced endocytosis and lysosomal proteolysis of ferroportin versus transcriptional induction and translational derepression of ferroportin synthesis by cellular heme and iron, respectively (29, 30) . Because ferroportin mediates all cellular iron export, hepcidin regulates both the acquisition of new iron from the diet and the release of iron from stores in hepatocytes and macrophages ( Fig. 1) (31) . Pathological iron retention in macrophages ("ferroportin disease") (32) is associated with loss-of-function missense autosomal dominant mutations in ferroportin that do not appear to impact intestinal and placental iron transport (21) . The clinical defect is selective for macrophages probably because recycling of iron-rich erythrocytes may require maximal ferroportin export capacity. By contrast, duodenal enterocytes rarely operate near their maximal transport capacity, only during recovery from hemorrhage or iron deficiency.
Regulation of hepcidin by iron-related signals
Hepcidin regulation by iron is mediated by the BMP pathway
In a classical positive homeostatic feedback loop, hepcidin production is transcriptionally regulated by iron. Sensing of iron status involves multiple pathways through which hepatocytes, the main source of hepcidin (20) , sense circulating iron levels directly and also respond to iron-induced bone morphogenetic proteins (BMP) produced in neighboring hepatic sinusoidal endothelial cells (Fig. 2) . BMP6 and BMP2 stimulate hepcidin mRNA production by hepatocytes, and the absence of either BMP results in iron overload caused by inadequate hepcidin production (33) (34) (35) (36) , suggesting that BMP2 and BMP6 may also function as a heterodimer. BMP signaling in hepatocytes and the control of basal and iron-stimulated hepcidin expression (37, 38) are carried out by heteromeric BMP receptors combining type 1 activin receptor-like kinase (ALK) 2 or ALK3 with type 2 BMP receptors BMPR2 or activin A receptor type 2A (ActR2a).
Iron sensing
Hepatocytes can directly sense plasma iron through a pathway involving the interaction between TFR1, TFR2, hemojuvelin (HJV, a GPI-linked membrane protein), and HFE, a major histocompatibility complex class 1-like protein. This pathway then modulates SMAD signaling by the BMP receptors. HFE is associated with TFR1, but this interaction is disrupted by the binding of iron-saturated transferrin (holotransferrin), resulting in HFE displacement (39, 40) . HFE can then form complexes with TFR2, ALK3, and HJV to modulate hepcidin transcription. TFR2 was initially shown to interact with HFE in cell culture overexpression systems, and binding was increased by the presence of holotransferrin (41) . Other studies indicate that TFR2 is stabilized by hepatocyte treatment with holotransferrin (42) . In vivo, TFR2 and HFE regulate hepcidin through independent pathways as mice overexpressing HFE increase hepcidin expression even in the absence of functional TFR2. Also, the simultaneous loss of HFE and TFR2 results in a greater impairment in hepcidin regulation than either deletion individually (43) . Additionally, while an interaction between TFR2 and HFE is detectable in cellular overexpression systems (41) no interaction is observed in vivo (44) . HFE has also been demonstrated to interact with ALK3, stabilizing ALK3 and increasing hepcidin expression through BMP signaling (45). 
Role of hemojuvelin
Mice with homozygous HJV disruption and humans with homozygous or compound heterozygous HJV mutations develop severe iron overload (46) . HJV functions as a BMP coreceptor involved in hepcidin regulation by BMP signaling (47, 48) . In vitro experiments have demonstrated that HJV can interact with HFE and TFR2, implicating HJV in the iron-sensing pathway. Evidence that HJV assists in iron sensing by HFE and TFR2 is provided by the lack of additive hepcidin suppression in mice lacking HJV alone compared with mice lacking both HJV and either functional HFE or TFR2 (49) . Additionally, while BMP signaling and HFE/TFR2-mediated iron sensing require HJV, these pathways appear to be distinct, as the disruption of BMP6 and either HFE or TFR2 together results in additive hepcidin suppression compared with that observed in response to the loss of either BMP6 or HFE/TFR2 individually (49) . Studies are needed to define the spatiotemporal molecular interactions between HFE, ALK3, HJV, and TFR2. The membrane serine protease Tmprss6 (matriptase 2) cleaves HJV and functions as a regulatory brake on this system (50). The expression of Tmprss6 is increased by iron deficiency and hypoxia (51-53), pointing to a third iron-regulated pathway controlling hepcidin.
Modulation of hepcidin and iron homeostasis by host defense and erythropoiesis
Iron and host defense
In systemic infection, iron is sequestered in macrophages, and extracellular iron concentrations decrease within hours. This response has long been thought to reduce the availability of iron to microbes, nearly all of which require iron for growth and proliferation. Supporting this concept, iron overload manifested by the saturation of transferrin with iron is associated with infections by "siderophilic" microbes.
Hepcidin, a component of innate immunity
Systemic infection increases hepcidin concentrations in plasma resulting in the sequestration of iron within macrophages and a reduction in dietary iron absorption. Mice lacking hepcidin show markedly decreased survival when infected with the siderophilic Vibrio vulnificus, and treatment with synthetic minihepcidins dramatically improves survival (54) . The main mediator of increased hepcidin production during infection is IL-6 (55), which transcriptionally stimulates hepcidin synthesis via STAT3. We hypothesize that the main function of IL-6 and hepcidin-mediated iron sequestration is to reduce the availability of iron that is not bound to transferrin and so may be readily taken up by siderophilic microbes. As a side effect, the IL-6-driven increase in hepcidin and the corresponding decrease in iron availability for erythropoiesis are the major causes of the anemia of inflammation (56 -58) , in which iron-restricted anemia develops because of impaired mobilization of iron from stores.
Hepcidin suppression by stress erythropoiesis
Iron mobilization and increased iron absorption are early compensatory responses to anemia, such as occurs after major blood loss. Renal hypoxia stimulates the production of the hormone erythropoietin (EPO), which expands the production of erythrocytes. EPO also signals the erythrocyte progenitors (erythroblasts) to increase the production and secretion of the hormone erythroferrone (ERFE) (59) . ERFE acts through an as of yet unknown receptor to suppress hepcidin production by hepatocytes, thereby increasing the release of iron from stores and its absorption from the diet, making more iron available for erythropoiesis. Mice lacking ERFE take longer to recover from anemia after blood loss or inflammation (59, 60) .
Iron delivery to tissues
Transferrin and transferrin receptors
Iron released into plasma is rapidly bound by transferrin. Holotransferrin binds to transferrin receptors (TFR) 1 and 2, respectively for cellular iron acquisition (61) and iron-sensing by the liver (41). TFR1 is found in varying amounts in all cell types, but it is especially abundant in erythroblasts where it is essential for hemoglobin production. Genetic deletion of TFR1 is embryonic lethal (62) . Tissue-specific knockouts showed that TFR1 is required for normal iron metabolism in skeletal muscle (63) and cardiomyocytes (64) and that TFR1 serves an unidentified iron-independent function in intestinal epithelial cells (65) . Transferrin receptor 2, largely restricted to the liver and erythroid precursors (66) , also interacts with holotransferrin but does not substantially contribute to iron uptake (67), acting primarily as sensor of systemic iron status (41) .
Transferrin cycle
Cellular iron uptake is mediated by endocytosis of the holotransferrin-TFR1 complex, followed by acidification, which dissociates iron from transferrin, and then the release of apotransferrin from the cell. The protein six-transmembrane epithelial antigen of prostate (STEAP3) then reduces Fe 3ϩ within the endosome. Mice lacking STEAP3 display impaired iron acquisition from transferrin in erythroblasts that manifests as anemia (68, 69) . There may be other mechanisms of endocytic iron reduction, and iron sources other than transferrin may also be utilized by some cell types, as evidenced by nonlethal phenotypes (62-65, 68, 69) after STEAP3 or conditional TFR1 deletion. Erythropoiesis is impaired in rodents with lossof-function mutations in DMT1, indicating that endosomal iron export is mediated by DMT1 in erythroblasts. However, embryos lacking DMT1 obtain iron from TFR1-mediated placental iron transport and are born with increased liver iron stores (10) , indicating that other protein(s) can export iron from endosomes after iron-transferrin endocytosis.
Non-transferrin bound iron (NTBI)
Normally, practically all plasma iron is bound to transferrin. However, after ingestion of iron supplements, NTBI (iron bound to citrate, acetate, other organic anions of intermediary metabolism, or albumin) may appear in plasma (70) , indicating that the binding of absorbed iron to transferrin is saturable. Hepatocytes take up NTBI and clear most NTBI from the portal circulation prior to its reaching the peripheral blood circulation. More commonly, plasma NTBI is seen in systemic iron overload, where plasma iron concentrations chronically exceed the binding capacity of transferrin. NTBI clearance does not depend on transferrin, as mice lacking transferrin readily load NTBI into tissues, including the liver, pancreas, and heart. Recent studies indicate that ZIP14 is necessary for NTBI loading by hepatocytes and pancreatic acinar cells (71) and contribute to NTBI uptake by pancreatic beta cells (72) . NTBI uptake by cardiomyocytes may depend on the action of calcium channels, as calcium channel blockers prevent cardiac iron accumulation during iron overload (73, 74) . The route of NTBI uptake in other tissues, such as the skeletal muscle (64), has not been determined.
Pathological tissue iron overload
Hereditary hemochromatosis is a disorder caused usually by mutations in genes (75) (76) (77) (78) involved in regulating hepcidin expression, resulting in insufficient hepcidin production (79) . Inadequate levels of hepcidin lead to excessive dietary iron absorption (80) , excessive mobilization of macrophage iron stores (81) , saturation of transferrin with iron, and the appearance of NTBI in plasma (82) . Iron overload is also seen in ␤-thalassemia, a genetic disorder resulting from defective ␤-globin synthesis. Impaired ␤-globin production leads to chronic anemia with expansion of erythroblast populations that suppress hepcidin expression through the action of the hormone erythroferrone and possibly other mediators (59, 83) . Similarly to hemochromatosis, reduced hepcidin levels cause increased iron absorption and tissue iron loading, further exacerbated in ␤-thalassemia major by a requirement for frequent blood transfusions. Tissue injury from excessive iron may cause cirrhosis, diabetes, cardiomyopathy, and endocrine failure, depending on the severity and tempo of iron accumulation.
Cellular iron homeostasis
Cellular iron regulation is distinct from its systemic regulation
Immersed in extracellular fluid whose iron concentrations are systemically regulated, each cell controls its iron uptake and storage to meet its individual iron requirement. Cell types involved in iron transport for systemic purposes (duodenal enterocytes, iron-recycling macrophages, hepatocytes, and placental trophoblast) are subject to both cellular and systemic regulation. Cellular iron is controlled post-transcriptionally by the interaction of an iron-response element (IRE) in mRNA with RNA-binding iron regulatory proteins (IRP) that bind to IREs when cellular iron levels are low. When cellular iron levels rise, IRPs undergo a conformational shift or are degraded, which ablates their interaction with IREs (84) . IRPs binding to IREs have opposite effects on target protein synthesis depending on the location of the IRE in the 5Ј-or 3Ј-untranslated region (UTR) of the target mRNA. In the TFR1 mRNA, the IREs are in the 3Ј-UTR (85) , and IRP binding stabilizes the mRNA and increases the synthesis of TFR1 protein to promote greater iron uptake during low-iron conditions. Unlike TFR1, ferritin mRNA has an IRE in the 5Ј-UTR (86) , and when cellular iron is low, the binding of IRPs inhibits mRNA translation (87) . During high-iron conditions, ferritin translation is derepressed, and cellular iron storage is favored. Other proteins involved in iron utilization and subcellular transport are also regulated by this system.
Ferritinophagy
The release of stored iron from ferritin is dependent on ferritinophagy, a regulated autophagosomal and lysosomal activity. Ferritin is first recruited to autophagosomes by the protein nuclear receptor co-activator 4 (NCOA4) (88) . NCOA4 is enriched in autophagosomes and has been demonstrated to interact with ferritin prior to the fusion of autophagosomes with lysosomes in vitro (89) . Mice lacking NCOA4 have increased tissue iron and an impaired ability to mobilize stored iron (90) . Within lysosomes, ferritin is degraded, and its stored iron is released. How lysosomes export iron mobilized from ferritin has not been determined, but DMT1 may be responsible as DMT1 functions optimally at an acidic pH (4), and it has been reported to localize to lysosomes (91) .
Iron chaperones
How iron reaches its various intracellular destinations is incompletely understood. In one model, iron taken up by a cell enters a cytosolic reservoir of weakly bound iron, the labile-iron pool (92) , which can be used for metabolic functions or stored in ferritin. In a more recent model, iron is chaperoned by specific carrier proteins that limit its reactivity and target it to selected proteins. Members of the poly-r(C)-binding protein (PCBP) family, particularly the abundant PCBP1 and -2, bind iron and interact with proteins involved in iron storage and transport (93) . PCBP1 has been shown to deliver iron to ferritin in vitro (94) , and PCBP2 can bind iron and interact with both DMT1 and ferroportin in vitro (95, 96) . Additionally, suppression of PCBP2 inhibits the cellular uptake of iron via DMT1 as well as the export of iron by ferroportin, indicating that PCBP2 may be a regulator of cellular iron transport. Studies investigating the role of PCBP1 and PCBP2 as iron chaperones in vivo have yet to be reported, but global deletion of these proteins results in embryonic lethality (97) . Efficient iron transfer between endosomes and mitochondria is a major requirement for high-output synthesis of heme in erythroblasts, and it may depend on transient contact between their membranes, the "kiss and run" mechanism (98).
Local regulation of cellular iron by hepcidin
Consistent with the central role of hepatocytes in hepcidin regulation, mice with conditional deletion of hepcidin in hepatocytes recapitulate the phenotype of global hepcidin knockouts (20) . However, other cell types also express hepcidin, including pancreatic beta cells, cardiomyocytes, placental syncytiotrophoblast, various kidney cell types, adipocytes, macrophages, and glial cells. The production of hepcidin in these nonhepatocyte cell populations contributes insignificantly to systemic hepcidin levels and therefore systemic iron homeostasis, but recent reports suggest a local role for extrahepatic hepcidin in the autocrine and paracrine regulation of cellular iron. Despite normal systemic iron homeostasis and circulating hepcidin levels (99) , the specific deletion of hepcidin in cardiomyocytes causes cardiac iron depletion and premature death, attributed to increased ferroportin expression in cardiomyocytes and excessive cellular iron efflux. Mice with global deletion of hepcidin may be protected from cardiac iron depletion by increased levels of circulating iron, including NTBI (81) . The deletion of ferroportin in cardiomyocytes yields the opposite phenotype, cardiac iron accumulation, but also results in premature death (100) . These studies suggest an important role for locally produced hepcidin regulating cellular iron homeostasis in an IRP/IRE-independent manner, and they raise the possibility that similar mechanisms may operate in other cell types that express both ferroportin and hepcidin, such as macrophages, pancreatic beta cells, and adipose tissue.
Concluding remarks
In less than 2 decades, systemic iron homeostasis has been reconceptualized as a complex endocrine and paracrine system. Despite evident progress, important mechanistic details remain to be elucidated.
